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The components of the plant cell wall are the most abundant macromolecules on earth and the 75 study of their breakdown by herbivores and decomposers is thus of central importance to biology 76 (Beguin and Aubert 1994; Keegstra 2010) . Plant cell walls (PCWs) contain lignocellulosic 77 compounds that are difficult to degrade, such as xylan, cellulose, hemicellulose, pectin, and 78 lignin (Cosgrove 2005) . Degradation of PCWs requires the ability to physically degrade the 79 tough material, then biochemically breakdown some or all of its components (Calderon-Cortes et 80 al 2012). Organisms across the tree of life employ a diverse set of strategies to accomplish this 81 with some able to utilize all PCW components and others only a subset. Central to all approaches 82 are plant cell wall degrading enzymes (PCWDEs) falling into several gene families (Beguin and 83 Aubert 1994; Lo et al 2003; Watanabe and Tokuda 2010) . In addition to being of interest to those 84 studying ecology and physiology, PCWDE's are also of interest to those in the biofuel industry, 85 as the efficient breakdown of cellulose to simple sugars is central to the utility of biofuels (Pauly 86 and Keegstra 2010) . 87
Invertebrates, chiefly insects, are major herbivores and decomposers in many ecosystems 88 and effectively use lignocellulosic materials for energy. Early work on termites, the major group 89 of strictly wood feeding insects, suggested that PCWDEs produced by bacterial symbionts are 90 required for insect breakdown of PCWs (Martin 1991; Breznak and Brune, 1994) . This was 91 supported both by studies of microbes in termites, but also by work on model systems, flies and 92 butterflies, that showed a lack of symbionts and a lack of PCW breakdown ability (Slaytor 1992; 93 reviewed in Watanabe and Tokuda 2010). Recent work, however, has shown that endogenously 94 produced PCWDEs are more widespread and important in insects than previously thought 95 ( . First, a closer examination of termites showed that they also produce 97 endogenous PCWDEs, and second, studies of other insects showed widespread production of 98 endogenously produced PCWDEs. A current obstacle to understanding the diversity of 99 PCWDE's in insects is sampling bias in the sequencing of genomes, towards holometabolous 100 insects. It is likely many holometabolous insects lack the diversity of PCWDE's present in some 101 clades of hemimetabolous insects (reviewed in Watanabe and Tokuda 2010 Here we present a draft genome for Medauroidea extradentata, a common invasive 116 walking stick found in many parts of the world. The ease of culturing these insects in the lab, and 117 their widespread distribution, makes them a suitable potential model system for laboratory 118 studies of PCWDEs. We used the DISCOVAR approach coupled with RNA-Seq based 119 scaffolding to produce the draft genome. Annotation of the genome, assisted by several RNA-120 Seq datasets, produced a high-quality gene set comparable to those of other sequenced 121 invertebrates with large genome size. Analyses of the pectinase gene family, in comparison to 122 those pectinases in other hemimetabolous insects, supports a single horizontal gene transfer 123 event of pectinase genes from bacteria to Phasmatodea. In addition, we identify more extensive 124 than previously thought lineage-specific expansions of this gene family following the horizontal 125 transfer event. Because the sample was wild caught, it can be expected to be more heterozygous than is typical 139 for genome studies which often use inbred lab strains. Accordingly, to reduce assembly errors 140 due to high heterozygosity, Redundans (version 1), with default parameters (contigs with greater 141 than 85% similarity to other longer contigs removed), was used to reduce the number of 142 duplicate contigs from the initial DISCOVAR assembly (Pryszcz and Gabaldon 2016) . Because 143 the resulting assembly was still fragmented, a final scaffolding step was performed with Agouti 144 (version 1), an RNA-Seq based scaffolder, using default parameters (Zhang et al 2016). This 145 assembly was labeled "Med v1.0" and was used for all subsequent analyses. Earlier assemblies 146 can be produced from the raw reads, available at NCBI, or are available upon request. The 147 quality of the assembly was assessed using busco v2 (Simao et al 2015) . Busco was run using the 148 arthropoda_odb9 database in genome mode. 149 150 Genome size estimation 151
Genome size was estimated from the sequencing reads based on the k-mer frequency spectrum. 152
A k-mer library based on all sequence reads was prepared using Jellyfish with a k value of 25. 153
The resulting k-mer frequency spectrum was then used to estimate genome size on the basis of 154 the consecutive length of all reads divided by the sequencing depth as previously described 155 glucanase] gene families. We used the semi-automated pipeline described in Brand and Ramirez 203 (2017) . Briefly, genes known from bacteria and eukaryotes including fungi, plants, and insects 204 were used as query to identify scaffolds with significant tblastn hits (e-value <10E-6). 205
Subsequently, we used exonerate to identify potential intron-exon boundaries of genes on the 206 respective scaffolds. Resulting gene models with a minimum length of 150 amino acids were 207 included in the gene families. In addition to M. extradentata, we annotated three phasmids 208 
Results and Discussion 236
Basic assembly and annotation 237
Genome size was estimated to be 3.3Gbp based on the kmer analysis (Table 1) 
. The 238
Medauroidea extradentata genome assembly has 135,692 scaffolds with an N50 score of 43,047 239 (Table 1 ). The final genome assembly (post redundans and post agouti) is 2.6Gbp which is 240 78.8% percent of the estimated size based on kmer counts. Coverage was found to be 241 approximately 54-fold based on the total amount of DNA produced and the estimated genome 242 size. Genomic GC content was 37%. 243
The Busco analysis showed a level of completeness comparable to that for other large 244 arthropod genomes (Table 2) Gene family specific phylogenies showed that all identified pectinases were more closely 297 related to bacterial than eukaryotic pectinases ( Figure 1A) . Nevertheless, most pectinases in the 298 genomes of the Phasmatidae species were located near eukaryotic genes, suggesting that they 299 were inserted in the insect genome and not due to bacterial contamination. While the pectinases 300 in the cockroach were similarly located in large scaffolds with eukaryote gene predictions, the 301 20kb flanking regions never contained eukaryotic genes and were more similar to bacterial than 302 insect genomic sequences. Accordingly, we were not able to unequivocally identify if the genes 303 were located on the insect genome or part of bacterial contamination leading to genome 304 assembly artifacts. 305
Interestingly, all phasmatida pectinases clustered as a monophyletic group within the 306 gammaproteobacteria clade. We identified seven 1:1 orthologous pectinase genes in C. hookeri 307 and D. australis, as well as 7 duplications or larger expansions specific to C. hookeri 308 (Supplemental Figure 1) . M. extradentata on the other hand had only 4 pectinases with simple 309 1:1 or 1:1:1 orthology to pectinases of the other two species. Most pectinases detected in the M. 310 extradentata genome were part of large lineage-specific gene family expansions. These results 311 confirm that a single horizontal gene transfer from gammaproteobacteria preceding the split of 312 the Phasmatidae is the most likely mechanism for the origin of pectinase genes in the genome of 313 this insect lineage (Shelomi et al. 2016b) , and that pectinases evolved through a birth-death 314 mechanism common for multi-gene families (Nei and Rooney 2005) after the horizontal gene 315 transfer event. 316
Similar to the Phasmatidae, the pectinases detected in the cockroach genome were more 317 closely related to bacteria than eukoryotes, however, they clustered with multiple different 318 bacterial lineages ( Supplementary Figure 1) . This suggests different bacterial origins of the 319 pectinases associated with the two lineages of hemimetabolous insects. In contrast to the 320 Phasmatidae, these findings do not support a single horizontal gene transfer event from bacteria 321 to cockroaches, but rather indicate that the identified pectinases are indeed of bacterial origin. It 322 is likely that the identified pectinases in the genome assembly represent assembly artifacts due to 323 bacterial contamination. Accordingly, the origin of the pectinases identified in the cockroach 324 genome needs to be verified in future hemiptera-specific analyses. 325
In comparison to the pectinases, the cellulase gene family was more similar between 326 species. All cellulases clustered within insects in lineage-specific clades ( Figure 1B in particular, which varies strongly in size across the Phasmatodea and other insect orders, will 334 be a promising candidate for future work. Further, hemimetabolous insects, and phasmids in 335 particular, are still poorly represented in genome studies; this work therefore contributes to a 336 more balanced representation of available genomes for evolutionary studies. Finally, this work 337 will also facilitate studies of repetitive element evolution, as there is slowly building up a 338 sufficiently large number of large arthropod genomes for comparative analysis in this context. 339 genomes: analysis of the stick insect (Clitarchus hookeri) genome reveals a high repeat 450 content and sex-biased genes associated with reproduction. Bmc Genomics 18 451
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